Imaging mass spectrometry of three-dimensional cell culture systems.
Three-dimensional (3D) cell cultures have increased complexity compared to simple monolayer and suspension cultures, recapitulating the cellular architecture and molecular gradients in tissue. As such, they are popular for in vitro models in biological research. Classical imaging methodologies, like immunohistochemistry, are commonly used to examine the distribution of specific species within the spheroids. However, there is a need for an unbiased discovery-based methodology that would allow examination of protein/peptide distributions in 3D culture systems, without a need for prior knowledge of the analytes. We have developed a matrix-assisted laser desorption/ionization-mass spectrometry (MALDI-MS)-based imaging approach to examine protein distributions in 3D cell culture models. Using colon carcinoma cell lines, we detect changes in the spatial distribution of proteins across 3D culture structures. To identify the protein species present, we are combining results from the MS/MS capabilities of MALDI-MS to sequence peptides in a de novo fashion and nanoflow liquid chromatography-tandem mass spectrometry (nLC-MS/MS) of homogenized cultures. As a proof-of-principle, we have identified cytochrome C and Histone H4 as two of the predominant protein species in the 3D colon carcinoma cultures.